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Background & Objective: Glioblastoma-multiforme is the high grade form of astrocytic 

tumors with a short survival time, which are the most common type of brain tumors. 

Therefore, finding new therapeutic options is essential. Cyclin D1 is expressed in some 

human malignancies and can be a potential target for therapeutic intervention. The aim of 

the present study was to determine this relationship.  

Methods: This is a cross-sectional study conducted in the pathology department of Al-Zahra 

Hospital in Isfahan, Iran. In this study, 100 samples diagnosed with astrocytic tumors between 

2011 and 2015 that met the study’s requirements were studied and immunohistochemical 

staining for cyclin D1 was performed for each specimen. At the end, the relationship between 

the expression of cyclin D1 and various variables including tumor grades, tumor subtypes and 

patient demographic features were examined using appropriate statistical tests. 

 Results: Of the 100 samples, cyclin D1 was positive in 60 samples and negative in 40 samples. 

Moreover, in 26 samples, the amount of the marker was low, while in 34 samples it was high. 

Following the results of the study, there was a significant difference (P =0.038) in the 

expression of the cyclin D1 marker among the four different grades of astrocytic tumors. 

Conclusion: The results showed that the expression of cyclin D1 was associated with 

different tumor grades, especially the high level of expression in grade 4, and the amount of 

cyclin D1 increased as the level of grade glioma increased. 
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Introduction 
Astrocytic tumors are the most common types of brain 

tumors. They originate in a particular type of glial cells 

(star-shaped brain cells located in the cerebrum) known as 

astrocytes. Glioblastoma multiforme is a highly 

aggressive astrocytic tumor, forming about 15.6% of all 

primary brain tumors, and is reported to be the most 

common form of malignant brain tumor (1). Glioblastoma 

is a rare disease with an incidence rate of 19.3 in every 

100,000 people in the US, which is about 21 times less 

common than breast cancer (2, 3). This tumor may 

develop at any age, but its incidence rate is reported to be 

higher at 45-75 years of age (4). This tumor emerges more 

frequently as a primary tumor but is also likely to develop 

following low-grade astrocytoma (5). 

Today, the standard treatment method for 

glioblastoma is surgical resection along with radiotherapy 

in combination with temozolomide. Considerable devel-

opments in the treatment methods of glioblastoma has 

increased life expectancy among patients. This disease 

may last 14.6 months on average (6). Thus, an 

investigation into novel methods of treatment for the 

disease seems to be of significant importance. The cell 

cycle is controlled by three families of key regulator 

proteins, including cyclin, Cyclin-Dependent Kinase 

(CDK), and Cyclin-Dependent Kinase Inhibitor (CDKI). 

The kinds of CDK, cyclin and CDKI involved in the 

regulation of the cell cycle are different for each stage (7). 

Cyclin identifies specific kinases (CDKs), attaches itself 

to them, and forms complexes that allow for the 

development of the cell cycle. In the transition from G1 to 

S, first the cyclin D1-3 complex and then cyclin E are 

involved by activating CDK4-6 and CDK2 (8, 9). The 

activity of these complexes is controlled through 

phosphorylation and dephosphorylation mechanisms. 

The cyclin D1 may modulate invasive ability by 

increasing the activity of matrix metalloproteinase (MMP) 

and enhancing cell movement (10). It has been demonstrated 

that the overexpression of cyclin D1 is correlated with higher 

tumor grade in papillary thyroid carcinoma (11), breast 

cancer (12), renal cell carcinoma (13) and prostate carcinoma  

(14). There is no comprehensive study on the evaluation of 

expression of cyclin in astrocytic tumors. Also, there seems 

to be a lack of agreement regarding the frequency of cyclin 

D1 in low-grade and high-grade astrocytic tumors. The 

present study was conducted to investigate the relationship 

between the grade of astrocytic tumors and the expression of 

cyclin D1.  

http://ijp.iranpath.org/
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Materials and Methods 
This is a cross-sectional study conducted on the 

paraffin blocks available in the archives of Al-Zahra 

Hospital’s pathology lab from patients diagnosed with an 

astrocytic brain tumor between 2011 and 2015. The study 

was approved in the ethics committee of Isfahan 

University of Medical Sciences. (Approval code:  

Ir.mui.rec.1395.3.290) 

All the samples collected from patients diagnosed with 

an astrocytic tumor between 2011 and 2015,were examined. 

The samples of patients whose demographic and 

clinical characteristics were available and diagnosed with 

astrocystic tumors with paraffin blocks containing enough 

tissue for immunohistochemcal staining were studied. 

First, the H & E slides were re-examined to determine the 

various grades and subtypes of the tumors based on the 

latest tumor report classification system (Table 1).

 

Table1. WHO Classification of Tumors Affecting the Central Nervous System 

Subtype Grade 

Subpendymal giant cell astrocytoma, pilocytic astrocytoma, , pleomorphic xanthoastrocytoma I 

Pilomyxmoid astrocytoma, protoplasmic astrocytoma , gemistocytic astrocytoma, fibrillary astrocytoma, mixed 

astrocytoma 
II 

Anaplastic astrocytoma III 

Glioblastoma, giant cell glioblastoma, gliosarcoma IV 

 

Then, 4 μm-thick sections were cut from the paraffin 

block and placed on poly-L-Lysine adhesive slides. 

Immunohistochemical staining was performed using the 

steptavidin-biotin-HRP complex method of 

Immunoperoxidase Secondary Detection System 

(Chemicon International, USA) according to the 

manufacturer’s protocols. Briefly, the sections were 

deparaffinized at 60°C for a minimum of 60 minutes, 

followed by incubation in xylene and hydration in a series 

of decreasing concentrations of ethanol of 100%, 70% and 

30%. After that, the sections were placed in a 

microwavable plastic container and filled with antigen 

retrieval solution (0.01mol/L citrate buffer, PH 6.8). They 

were boiled in the microwave for 14 minutes for the 

purpose of antigen retrieval. The sections were washed in 

phosphate-buffered saline (PBS, pH 7.6), and immersed 

in 3% hydrogen peroxide and 100% methanol for 10 min 

to remove endogenous peroxidase activity. The primary 

antibody of cyclin D1, (Clone FP12) Rabbit Monoclonal 

Antibody (produced by DAKO in Denmark), was used in 

this study. The slides were incubated with primary 

antibodies at a dilution of 1:50 overnight at 4°C with 

cyclin D1 (clone FP12) Rabbit Monoclonal Antibody. 

After washing with PBS, the sections were incubated with 

biotinylated goat anti-mouse immunoglobulin (Dako Ltd) 

for 30 min at room temperature, washed with PBS, then 

incubated with streptavidin-peroxidase conjugate (1:500; 

Amersham Pharmacia Biotech, Bucks, U.K.) for 30 min. 

The sections were developed with diaminobenzidine 

tetrahydrochloride solution (Sigma-Aldrich, Poole, U.K) 

and 0.1% H2O2 and counterstained with haematoxylin 

for 30 seconds. The sections were dehydrated in 

ascending alcohols, then dried and mounted. At every 

stage of the staining process, positive and negative 

controls were set. Mantle cell lymphoma and follicular 

lymphoma were used to achieve positive and negative 

control, respectively. 

Sections stained for cyclin D1 were examined by 

Olympus CX microscope (Malaysia) and the percentage 

of immunostained cells was determined. The percentages 

of cyclin D1 immunopositive tumor cells were counted in 

5 consecutive microscopic fields (magnification 100x) per 

tumor sample in area, which showed the highest density 

of these cells. In each field, 100 tumor cell nuclei were 

evaluated and the mean for each of the 5 fields was 

calculated. A distinct granular brown nuclear stain was 

scored as positive. Only nuclear positivity, in at least 5% 

of tumor cell nuclei, was considered as positive. Samples 

from patients with <50% cyclin D1-positive tumor cells 

were considered low expressors, whereas those with 

>50% cyclin D1-positive tumor cells were considered 

high expressors (15). 

Finally, the statistical analyses were carried out with 

SPSS (SPSS Inc., Chicago IL, USA) version 20, using the 

Chi-square, Mann Whitney and Independent t-test. 

Results 
Among 100 samples, 10 samples (10%) were 

determined as grade I, 25 samples (25%) as grade II, 5 

samples (5%) as grade III and 60 samples (60%) as 

grade IV.In the present study, the mean age of the 

enrolled patients was 46.53 ± 1.81 years. 59 patients 

(59%) were male and 41 (41%) were female 

Cyclin D1 expression was positive in 60 samples 

(60%) and negative in 40 samples (40%). In 26 samples 

(26%) the expression level of cyclin D1 was low and in 

34 samples (34%) highly expressed (Figure 1)..
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Figure 1. Expression level of cyclin D1 in astrocytic tumors 

 

The correlation between the expression of cyclin D1 

with different grades of astrocytic tumors, is shown in table 

2. Furthermore, it was also observed that the expression of 

cyclin D1 was significantly different (P= 0.038) among the 

four different grades of astrocytic tumors. 

Moreover, the expression of cyclin D1 was 

significantly different among different subtypes of 

astrocytic tumors (P- = 0.047). Of the 25 samples 

diagnosed with grade II tumors, one sample belonged to the 

Gemistocytic Astrocytoma subtype with a negative 

expression of cyclin D1 (table 3 and figure 2). 

There was no correlation between the expression of 

cyclin D1 with the age and sex of patients. However, the 

average age of patients with high levels of cyclin D1 

expression was higher than the other two groups. 

 

Table 2. Expression level of cyclin D1 in different grades of astrocytic tumors 

 
cyclin.D1 p-value 

Negative        Low High  

Grade 

grade one 
4 4 2 

0.038 

40.0% 40.0% 20.0% 

grade tow 
14 9 2 

56.0% 36.0% 8.0% 

grade tree 
2 1 2 

40.0% 20.0% 40.0% 

grade four 
20 12 28 

33.3% 20.0% 46.7% 

Total 
40 26 34 

40.0% 26.0% 34.0% 

 

Table 3. Expression of cyclin D1 among different subtypes of astrocytic tumors 

  
Cyclin D1 

P-value 
Negative Low High 

Subtype Pilocystic Astrocytoma  4 4 2 

   40.0% 40.0% 20.0% 

 Diffuse Fibrillary Astrocytoma  13 9 2 

0.047 

   54.2% 37.5% 8.3% 

 Anaplastic Astrocytoma  2 1 2 

   40.0% 20.0% 40.0% 

 Glioblastoma Multiforme  20 12 28 

    33.3% 20.0% 46.7% 

Total  39 26 34 

  39.4% 26.3% 34.3% 
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Figure 2. Glioblastoma multiforme grade IV, in a sample from the parietal lobe of the brain. The nuclei stained with cyclin 

D1 are marked with a red arrow (x 400). 

Discussion 
A large amount of supporting evidence suggests that 

changes in the cell cycle can play a crucial role in the 

pathogenesis of glioma (16). Numerous studies have 

demonstrated that cyclin D1 is closely related to cancers. 

An overexpression of cyclin D1 has been frequently 

associated with high-grade tumors such as breast tumors, 

colorectal tumors, prostate cancer, melanomas and 

lymphomas (17). The present study demonstrated that 

cyclin D1 is expressed in 60% of astrocytic tumors. A study 

conducted in 2007 reported that the expression of cyclin D1 

protein was 40%, 12%, 52% and 58% in breast cancer, 

colon tumors, glioblastomas and melanomas (18). In a 

similar study conducted by Qu Dw et al. on gliomas in 

2014, the expression of cyclin D1 in gliomas was 59% (19). 

According to the results obtained from this study it was 

found that the expression of cyclin D1 was significantly 

different among four different grades of astrocytic tumors. 

In a study performed by Tan et al. in 2004 on 84 samples of 

glioma using immunohistochemistry, it was demonstrated 

that there is a significant difference in the expression of 

cyclin D1 between high-grade glioma and low-grade 

glioma. In this study, the expression of cyclin D1 in low-

grade and high-grade gliomas was positive in 31.25% and 

61.53% of samples, respectively (20). In addition, a study 

conducted by Zhang et al. in 2005 on 52 samples of 

gliomas, it was revealed that the expression of cyclin D1 is 

closely related to tumor formation and the progression of 

gliomas (21).  

In a similar study conducted by Qu Dw et al on gliomas 

in 2014, the expressions of cyclin D1 in normal brain tissue, 

low-grade gliomas and high-grade gliomas were reported 

to be 22%, 46% and 75%, respectively. However, in this 

study, the expression of Ki67 also showed a significant 

difference between normal brain tissue and high-grade 

gliomas (19). In another study by A Chakrabarty et al. on 

gliomas, similar results have been reported (22). 

In this study, it has been shown that there is no 

significant relationship between the expression of cyclin D1 

and the gender or age of the patient. A study conducted by 

Zhang yy et al. revealed that the overexpression of cyclin 

D1 can be related to advanced squamous cell carcinoma of 

larynx cancer, but it does not seem to be influenced by sex 

and age (23). 

Although it has been reported that elevated cyclin D1 

expression in human glioblastoma correlates with a poor 

prognosis (24, 25), one study demonstrated that higher cyclin 

D1 levels were present in the glioblastoma group (26).  

Generally, the results obtained from this study 

demonstrated that the expression level of cyclin D1 seems 

to be directly related to tumor grade, while it does not seem 

to be related to the sex and age of the patient. This study 

revealed that as the grade of astrocytic tumors increases, the 

expression level of cyclin D1 increases as well, suggesting 

that cyclin D1 can promote the development of glioma and, 

therefore, can be used as an indicator in the judgment of the 

prognosis of glioma. A study by Ling et al. demonstrated 

that reducing cyclin D1 protein levels can effectively aid in 

treating tumors induced by Notch-1, showing that cyclin 

D1 is an important protein functioning in tumor formation 

(27). Therefore, cyclin D1 may become a new target for the 

clinical treatment of cancer. 

Conclusion 
In this study the high expression of cyclin D1 was 

observed in high-grade astrocytic tumors, particularly 

Glioblastoma multiforme. It was found that cyclin D1 

could possibly be used as a target in the treatment of 

tumors. 
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